The aetiology of transient cerebral ischaemia is complex. For these reasons the development of non-invasive techniques that can detect lesions in the vessels supplying the affected cerebral hemisphere has been pursued. These include ophthalmodynamometry (Liversedge and Smith, 1961) , thermography (Wood, 1965) , carotid phonoangiography (Duncan et al., 1975) , ocular plethysmography (Gee et al., 1974) , and radioisotope cerebral perfusion (Weissman et al., 1975) .
The identification of occlusive carotid artery disease is often critical in the management of supratentorial stroke. Specific examination of the major blood vessels in the neck by palpation and auscultation may help in reaching a tentative diagnosis. However, the demonstration of a lesion in the common carotid artery and its branches will inevitably depend on the use of contrast radiography.
According to Deck (1976) and Hass et al. (1963) major complications may follow angiography in 0-5-1 % of cases with minor sequelae in up to 14%. Further, the incidence of such complications rises with age. This has deterred many physicians from carrying out investigations requiring arterial puncture. In addition the incidence of operable carotid stenosis in patients presenting with transient ischaemic attacks is low- Bradshaw and Gumpert (1972) found occlusive carotid disease in only 19 of 69 patients, and in only nine of these was there operable stenosis.
The aetiology of transient cerebral ischaemia is complex. For these reasons the development of non-invasive techniques that can detect lesions in the vessels supplying the affected cerebral hemisphere has been pursued. These include ophthalmodynamometry (Liversedge and Smith, 1961) , thermography (Wood, 1965) , carotid phonoangiography (Duncan et al., 1975) , ocular plethysmography (Gee et al., 1974) , and radioisotope cerebral perfusion (Weissman et al., 1975) .
Diagnostic techniques based on directional doppler ultrasound have been reported (Brocken-brough, 1970; Muller, 1972; Machleder, 1973; Nuzzaci et al., 1975; Bone and Barnes, 1976a; Keller et al., 1976; Baskett et al., 1977; Rutherford etal., 1977) . Potentially they provide a safe, atraumatic procedure for the assessment of patients with transient ischaemic attacks. In the present paper we present the results of an 18 month study in which techniques based on the use of directional doppler ultrasound were evaluated in comparison with direct percutaneous carotid angiography and arch aortography.
Subjects and methods
The patients studied were those referred for the investigation of transient ischaemic attacks in the carotid artery territory and who subsequently underwent angiographic investigation.
A tracing of the vessel outline based on the anterior-posterior view of the angiogram was used to classify each vessel into one of five groups (Table 1) . The normal group represents those vessels as shown by the radiograph to be completely free from occlusive disease. Tortuosity was accepted as normal if no occlusive disease was This procedure was repeated with the probe placed in the upper medial angle of the orbit with the beam directed towards the supratrochlear artery as it emerges from the orbit. Great care was taken to ensure that the ultrasound beam was not directed towards the sensitive structures lying within the eyeball. In most cases the direction of flow could be identified clearly as physiological, that is flow towards the probe, or pathological, flow away from the probe (Muller, 1972) (Fig. Ic and Id). However, in a small number of cases the directional information was ambiguous with both forward and reverse flow components present. In such cases no amount of probe reorientation could resolve a direction.
The common carotid and supratrochlear signals have a characteristic wave shape from which two well-defined peaks can usually be distinguished. The relationship between these two peaks appears to be modified in the presence of occlusive disease (Fig. lb) . The extent of this change can be quantified by taking the ratio of the first peak over the second (A/B ratio) as defined by Gosling (1976 Reverse flow is always pathological. As mentioned above it was found in 56% of all occlusions. It was also found in 23% of stenoses. Only those stenoses severe enough to cause a considerable distal drop in pressure will give reversal of flow. Deweese et al. (1970) have suggested that a reduction in diameter of 63% or a loss of luminal area of 87% is necessary for flow reversal to occur. Other authors (Bone and Barnes, 1976a) have taken 75% as the figure for the reduction in diameter, which is in agreement with the results presented in this paper.
The occurrence of forward flow in the ophthalmic branches originating from vessels other than the homolateral common carotid was only seen in longstanding internal carotid occlusion. None of the severe stenosis group (greater than 75% reduction in diameter) was found to have forward flow. This may indicate that the development of collateral pathways occurs once reverse flow has been established.
It has been suggested that by the use of compression of the external carotid branches further information can be obtained. However, as shown in Table 3 the amount of information that we have found valuable using this procedure is limited, since compression tests did not separate the groups with forward flow. The results do show that a positive response is pathological. Three cases of reverse flow gave both a normal and a positive response depending on which branch of the external carotid was compressed. This suggests that there is a balance of flow not only between the internal and external carotid arteries but also between branches of the external carotid in those patients.
In summary, the direction of flow in the orbit and compression of the external carotid branches do not help to identify the following groups that are important: (1) occlusions with forward flow; (2) stenosis with reverse flow from occlusions with reverse flow; (3) areas of atheroma and stenosis less than 75% of vessel diameter.
On reviewing the literature it is clear that many authors, particularly overseas, have found that common carotid artery compression is a vital and routine part of the examination (Muller, 1972; Bone and Barnes, 1976b; Keller et al., 1976 (Fig. 3) . The results compare favourably with the work of Baskett et al. (1977) . The dividing line shown in Fig. 3 indicates that by the addition of the two A/B ratios obtained from the common carotid and supratrochlear vessels the information is reduced to a single parameter which separates the three groups (Fig. 4) .
The aim of the study has been to assess the application of non-invasive directional continuous wave doppler ultrasound techniques in the diagnosis of disease in the common and internal carotid arteries. We have shown that compression of the external carotid branches is only of value in identifying the source of reverse flow. Combining the techniques of direction of flow in the supratrochlear vessels and waveform analysis of the common carotid and supratrochlear signals, the results of this form of examination when compared with arteriographic findings are shown in Fig. 5 
